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ABSTRACT 

The broad-line region (BLR) disappears in many low-luminosity active galactic nuclei (AGNs), the reason 
of which is still controversial. The BLRs in AGNs are believed to be associated with the outflows from the 
accretion disks. Most of the low-luminosity AGNs (LLAGNs) contain advection dominated accretion flows 
(ADAFs), which are very hot and have a positive Bernoulli parameter. ADAFs are therefore associated with 
strong outflows. We estimate the cooling of the outflows from the ADAFs, and find that the gases in such 
hot outflows always cannot be cooled efficiently by bremsstrahlung radiation. The ADAF may co-exist with 
the standard disk, i.e., the inner ADAF connects to the outer thin accretion disk at radius R± tr , in the sources 
accreting at slightly lower than the critical rate m crlt (m = M /M-e&a)- For the ADAFs with Lboi/^Edd ^ 0.001, 
a secondary small inner cold disk is suggested to co-exist with the ADAF due to the condensation process. 
We estimate the Compton cooling of the outflow, of which the soft seed photons either come from the outer 
cold disk or the secondary inner cold disk. It is found that the gas in the outflow far from the ADAF may be 
efficiently cooled to form BLR clouds due to the soft seed photons emitted from the cold disks, provided the 
transition radius of the ADAF to the outer cold disk is small [r^n = ^d.u- / '(2GM / c 2 ) < 20] or/and the secondary 
small cold disk has a luminosity L s d > 0.003LEdd- The BLR clouds can still be formed in the outflows from the 
outer cold thin disks, if the transition radius r tr is not very large. For the sources with Lboi/^Edd ^ 0.001, the 
inner small cold disk is evaporated completely in the ADAF and outer thin accretion disk may be suppressed 
by the ADAF, which leads to the disappearance of the BLR. The physical implications of this scenario on the 
double-peaked broad-line emitters are also discussed. 

Subject headings: accretion, accretion disks — galaxies: active — quasars: emission lines 



1. INTRODUCTION 

Active galactic nuclei (AGNs) are classified as type 1 and 
2 AGNs by their line emission. Type 1 AGNs show broad 
emission lines and narrow forbidden lines, while only narrow 
lines are observed in type 2 AGNs. According to the unifica- 
tion scheme of AGNs, all AGNs are in trinsically same, b ut are 
viewed at different orientations (e.g.. lAntonucci|[T993l) . The 
broad-line regions (BLRs) in type 2 AGNs are obscured by the 
dusty tori, as they are supposed to be viewed at large angles 
with respect to the axes of the tori. However, there is evidence 
that the BLR disappears in ma ny low-luminosity active galac- 
tic nu clei (LLAGNs) (e.g., iTYanl l200ll l200l |GuXHuang 
2002), and most of the type 1 AGNs h ave relatively high Ed- 
dington ratios (e.g., Tru mp et al.l2009l) . These low-luminosity 
sources are named as " true" type 2 AGNs, which do not 
have hidden BLRs (see iHol 120081 for a review and refer- 
ences therein). Many work ers have explored why the BLR 
disappears in LLAGNs (e.g..lNicastro et al.H2()03l: lLaorl|2003b 
lElitzur & Shlosmaril2"006t lElitzur & Holl2009l) . fcaorl (f2003b 
suggested that an upper limit on the observed width of broad 
emission lines leads to a lower limit on the radius of the BLR 
based on the empirical cor relation between B LR size and opti- 
cal continuum luminosity (Ka spi et al.l20 00). In this scenario, 
the BLR radius shrinks below a critical value for LLAGNs, 
which leads to the disappearance of BLR in these sources. 
Although the origin of BLR is still unclear, an attractive sug- 
gestion is that the BLR struct ure is associated wit h the out- 
flow from the accretion disk (Emm ering et al.l!992l) . iNicastrol 
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(2000) assumed that the winds from the accretion disk are 
triggered by the thermal ins tability of radiation pressur e dom- 
inated region of the disk (Shaku ra & Sunvaevl fl976). The 
transition radius between the radiation pressure dominated 
and gas pressure dominated regions in th e disk increases with 
the di mensionless mass accretion rate m (Sh akura & Sunvaevl 
[19731) . In this scenario, the transition radius becomes smaller 
than the marginal stable orbit of the black hole for low accre- 
tion rates (low luminosities), and the wi nds are switched of f 
and no BLR can be formed in LLAGNs (Nicastro et al. 2003). 
A correlation between the width of BLR and the luminosity is 
expected in this model, which is consistent with the observa - 
tions of AGN samples (I Warner et al.ll2004t IXu & Caoll2007l) . 
An alternative disk-wind scenario was suggested for the BLR 
and dust torus, in which both the BLR and torus disappear 
when the bolometric lum inosity is low ( lElitzur & Shlosmanl 
2006; Elit zur & Hoi 120091) . The outflow from the accretion 
disk being switched off is a key ingredient in these scenarios 
when accretion rates are low, though the detailed physics of 
the outflow dynamics has not been included in these works. 

Low mass accretion rate m may lead to the accretion flows 
to be advection-dominated (Narayan & Yl ll994[l995bl) . Ad- 
vection dominated accretion fl ows (ADAFs) are suggested 
to be present in LLAGNs (see iNaravanl 120021 for a review 
and references therein), which can succes sfully explain most 



observational featur e s of LLAGNs (e.g., lLasota et al 
iGammie et alj|1999t lOuataert et al]|l999£ IXu & Caof 
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It was suggested that the ADAF co-exists with the standard 
disk, i.e., the inner ADAF connects to the outer thin accretion 
disk, in some sources accreting at rates slightly lower than th e 
critical rate m cr i t (e.g., lEsin et alj[l997l lOuataert et af] [l999). 
For even lower accretion rates, a secondary small cold accre- 
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tion disk is suggested to co-exist with the ADAF in the inner 
regio n due to the condensation process (RozaNsk a & Czernvl 
2000). This model was extensively explored by many 
different authors (e.g. , iMever et all l2007t iLiu et alj l2007t 
iMaver & Pringldl2007l; itaam et alj|2008l) . which can explain 
the sof t X-ray thermal component observed in s ome X-ray bi- 
naries jTomsick et alJl2008l: iMiller et alJl2006h . ICzerny et alJ 
(2004) assumed that the existence of the BLR is related with 
the cold accretion disk, and they compared different theoreti- 
cal model predictions with the observations of AGNs, which 
favors the disappearance of BLR being related with the dif- 
ferent accretion mode in LLAGNs. Based on the evapora- 
tion disk model, a lower limit on the accretion rate is also de- 
rived for the existence of BLRs on the same assumption that 
the B LR is associated with a cold accretion disk (ILiu & Taaml 
HI). 

It was well known that the gas in ADAFs is very 
hot, and has a positive Bernoulli parameter, which im- 
plies that ADAFs should be associated with strong winds 
ilNaravan & Yl [19941 Il995at iBlandford & Bege knarJ [T999I: 
Stone etali 1999: Igume nshchev et alE OOO: Stone & Pringle 
20011) . If this is the case, one may expect strong outflows from 



the ADAFs in LLAGNs, which implies that the assumption of 
the disk winds being suppressed at low accretion rates in the 
previous sce narios for the disappearance of BLR in L LAGNs 
is not valid dNicastro et alJl2003b IHitzur & Hdl2009l) . In this 
work, we explore the relation of the hot outflows from ADAFs 
with the disappearance of BLR in LLAGNs. 

2. COOLING OF THE OUTFLOWS FROM ADAFS IN LLAGNS 

In this work, we assume that the outflow has a conical ge- 
ometry, and the density of the outflow from an ADAF is 



(i) 



where M w is the mass loss rate in the outflow, v(R) is the radial 
velocity of the outflow at radius R, and / w is the solid angle 
of the conical outflow (_f w = 4w for an isotropic outflow). The 
mass loss rate M w in the outflow is related to the mass accre- 
tion rate M of the disk with 



M w = ?7 W M, 



(2) 



where r; w is a free parameter and required to be less than unity. 
For the outflow driven by the internal energy of the hot gases 
in the ADAF, its velocity 



v(R) ■ 



( GM 
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where M is the mass of the black hole. In principle, the veloc- 
ity can be higher than this value, which is the least velocity of 
the outflow can escape to infinity. 

Substituting Eqs. (f2]l and ([3]) into Eq. ([TJ, we have 

p(r) = 7.51 x lO-V/^WV- 3 / 2 g cm" 1 , (4) 
where the dimensionless quantities are defined as 
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2GM/c 
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M Edd 
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and 



Mndd = 1-39 X 10 I8 mgs _1 . 



The t emperature of the gas es in the ADAFs is nearly virial- 
ized dNaravan & Yi|[l9"95al) . and we assume the gases to be 
virialized in the outflow, 



GMm p 

T S as(R) ~ T vir (R) = — — — . 



(6) 



The internal energy per unit volume of the gases in the outflow 

is 

3 3pkTi 3pkT e 



2 2/i[OT p 2/i e m p 
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where the effective molecular weights of the ions and elec- 
trons are fi[ = 1.23 and fi e = 1.14 respectively. As the ion 
temperature is significantly higher than the electron tempera- 
ture in the inner region of the ADAF and most of the internal 
energy is stored in the ions, the electron temperature T e < 7j is 
required in the outflow. The electron temperature T e is mainly 
determined by the radiative cooling, and the Coulomb interac- 
tion between the electrons and ions. In this work, we assume 
T e = CeTgas (£e < 1) in our estimates on the cooling of the out- 
flow. Thus, the bremsstrahlung cooling timescale of the gases 
in the outflow can be estimated as 
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where th e bremsstrahlung cooling r ate in unit volume of the 
gases is (Rvb icki & Lightmanl 19861) 



F b - rem = 2.36 x \Q- 21 n 2 Xl 2 erg s^cm" 3 . 



(9) 



Substituting Eqs. ©, ^ and (O into Eq. ©, the 
bremsstrahlung cooling timescale of the gases in the outflow 
is available, 



brem/ n. 
"cool VJ 



U 



1 .00 x 10 _3 /wf?w C 2 mm y r s. (10) 



The cooling length scale of the outflow is therefore estimated 
by 

UiW = w = 2.12 x 10 7 /w?7w £VWV/ 2 cm. (11) 

The mass accretion rate m being lower than a critical value 
m cr it is required for an ADAF. The critical rate m a -\ t ~ 0.01 is 
sugge sted either by the observations or the theoretical models 
(see[Narayan 20021 for a review and references therein). The 
lower limit on / coo i(r) is derived as 

CiW = T-cooiv = 2.12 x 10 9 /w??w mr 1/2 cm, (12) 

if m = m a -i t = 0.01 and £ e = 1 are substituted into Eq. ( fTTT i. i.e., 
the electrons and ions have the same temperature in the out- 
flow. The electron temperature should be significantly lower 
than the ion temperature at the base of the outflow, because i t 
comes from a two-temperature ADAF (Nara van & Yill 995b). 
As the cooling rate increases with electron temperature T e , 
the estimate performed with T e = 7] gives the minimal cooling 
timescale (see Eq. [TT1 >. Comparing the cooling length scale 
with radius R, we have 

^ = 7.18xl0 3 / w?7 ; I r- 1 / 2 . (13) 
R 

The radiative cooling of the gases in the outflow is inefficient 
if 1™Z(R) > R, which leads to 



r<5.15x 10 7 /^ 2 . 



(14) 
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The reverberation -mapping method dNetzer & Peterson! 
[19971 IPetersonl ri993h was applied to measure the size of 
the BLR from the time delay between the line and contin- 
uum variations. The correlations between the optical lumi- 
nosity and BLR size were derived b y different authors (e.g., 
IKaspi et alll2000t iBentz et al1l2006l) . Subtracting the contri- 
bution from the h ost galaxy starlight to the AGN emission, 
IBentz et alj (120061) found that 



log*BLR=-21.69 + 0.5181ogL bo 



(15) 



where L ho[ ~ 9AL A (5100) is used (IKaspi et alj|2000l) . This is 
consistent with /?blr °c expected from the photoioniza- 
tion model if all BLRs have similar physical properties. The 
distances from the black hole in the outflow, within which the 
outflows are radiatively cooled inefficiently (see Eq. [T4l >. are 
compared with the BLR sizes of broad-line AGNs in Fig. Q] 
It is found that the radiative cooling is always unimportant 
except in the region far from the BLRs, which implies that 
the hot outflow from an ADAF is unable to be cooled to form 
BLR clouds. 
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FIG. 1. — The distance from the black hole in the outflow (solid lines), 
beyond which the outflow isbremsstrahlung cooled efficiently, as functions 
of / w with ?7 W = 1 (see Eq. I14t . For comparison, we also plot the BLR size 
es timated from the bo lometric luminosity with the empirical correlation given 
by Bentz et al. 1 2006) (dashed lines). 



When the accretion rate is slightly lower than the critical 
value mc-it, an ADAF is present near the black hole, and it 
may connect to the outer standard disk at a transition radius 
/?d.tr- In this case, the soft photons emitted from the outer 
cold disk will be Compton-upscattered by the hot electrons in 
the outflow, and the plasma in the outflow is therefore cooled. 
The flux due to viscous dissipation in the outer region of the 
disk is 

3GMM 



(16) 



The irradiation of the inner ADAF on the outer cold disk 
is almost negligible compared with the viscous dissipation 
in the outer cold disk, because the solid angle of the outer 
disk subtended to th e inner region of the ADAF is too small 
dCao & Wa ng 2006). We neglect this effect in estimating the 
cooling caused by the Compton scattering in the outflow. The 



cooling rate in unit volume of the gases at radius R in the out- 
flow is 



Comp - J m e c 2 n(R 2 + R 2 d )y 2 

RdM 



n e cr T 2TrR d dRd, (17) 



where « e is the number density of the electrons in the outflow 
at R, and er T is the Thompson cross-section of electron. Using 
Eqs. (O and (O, we re-write Eq. ( flTT i as 



rd.out 

^C"o mp -4.17xl0 6 ee»e('-)m- 1 m J ^/^^ ™g 



-1 -3 

s cm . 



(18) 

where r& = R A /(2GM /c 2 ). The Compton cooling timescale for 
the outflow is available, 



Comp 



(r). 
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:5.20x \Qr l % l r l mm l 



Comp 



dr A 



r 2 Ar 2 + r 2 fl 2 



(19) 



and the dynamical timescale of the outflow can be estimated 

Tdyn ^v = (^^ =1 - 39xl0 " 5mr3/2s - (20) 

The importance of the Compton cooling of the gases in the 
outflow can be evaluated by 



Comp 
^"cool 

"T'dyn 



= 3.74x 10" 5 ^ 



-i r -5/2 



'Uoul 



dr A 



(21) 

In the inner region of the ADAF, the electron temperature can 
be more than one order of mag nitude lower than the ion tem- 
perature (Narav an & Yi| [l995b). Thus, the parameter £ e ;$ 0.1 
in the base of the outflow from the ADAF, while £ e — > 1 in the 
outflow far from the black hole. The results derived with dif- 
ferent disk parameters are plotted in Fig. [2] We find that the 
timescale ratio, T c ^° mp /T<j yn , decreases with increasing radius 
r in the outflow when r is small (see Fig. |2j, because the solid 
angle of the outer cold disk region subtended to the outflow 
increases with r at small radii. At large radii, the solid angle 
decreases with increasing r, and therefore the timescale ratio, 

^""P/rdyn, increases with r. The Compton cooling becomes 
less important for a disk accreting at a lower rate, because less 
soft seed photons are emitted from the outer disk. 

For ADAFs in the sources with iboi/^Edd ^ 0.001, a sec- 
ondary small cold accretion disk extending to the marginal 
stable orbit of the black hole can co-exist with an ADAF due 
the condensation process. The outflow can be cooled due 
to the Compton scattering of the soft seed photons emitted 
from such an inner cold disk. The radiative power of the in- 
ner cold disk consists of the viscously dissipated power in the 
disk and the power of the irradiation from the ADAF. In or- 
der to avoid exploring the complicated processes of the in- 
teraction between the ADAF and the cold disk, we assume 
the flux from the unit surface area of the inner cold disk to 
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have the same radial depe ndence as the standard cold disk 
dShakura & Sunvaevll 19731) . 



•Pvis(^d) : 



C sd mL sd 



Rd,ii 



1/2' 



(22) 



where L sd is the luminosity of the small cold disk, and R d j n is 
the radius of the inner edge of the disk. This small disk can 
extend to the marginal stable orbit of the black hole, and we 
adopt /?d.in = ^d.ms = 6GM / c 2 for a non-rotating black hole in 
all our calculations. The luminosity of the small disk is 




-sd : 



F vis (R d )2irR d dR d , 



which leads to 



FIG. 2. — The ratios of the Compton cooling timescale to the dynamical 
timescale as functions of radius r for different model parameters (solid and 
(23) dotted color lines). The solid lines represent the ratio calculated with £ e = 0.1 

for different transition radius, r tr = 10, 20, 50, and 100, respectively (from 
bottom to up), while the dotted color lines are the results calculated with 
= 1 ■ The red lines are calculated with m = 0.01, while m = 0.001 is adopted 
for the blue lines. For comparison, we also plot the BLR size (dashed lines) 
estimated from the bolometric luminosity with the empirical correlation given 
bv lBentz et all HWS) for different black hole mass, m = 10 7 , 10 8 , and 10 9 , 
respectively (from right to left). The red dashed lines correspond to the BLR 
sizes of AGNs with Lbol/^-Edd = 0.01, while the blue dashed lines are for 
W^Edd = 0.001. 
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(24) 



Similar to the above estimates for the Compton cooling 
caused by the emission from the outer cold disk, the ratio of 
the Compton cooling timescale due to the presence of the in- 
ner small cold disk to the dynamical timescale of the outflow 
is estimated as 




Comp 
^"cool 

7"dyn 



= 6.59£ 



'-'sd A sd r 



[l-(3/rd)'/ 2 ] 
r d V + r2)V2 



(25) 

where the Eddington ratio of the small disk A s d = L sd /L Edd . 
The inner cold small disk is usually t runcated at several tens of 
Schwarzschild radii dLiu et alj|2007l) . and rd, max = 20 is there- 
fore adopted in the estimates. The final results are insensi- 
tive to the exact values of rd. max adopted, because most of the 
emission is from the region of the disk very close to the black 
hole. We plot the results in Fig. [3] which show that the Comp- 
ton cooling of the outflow near the ADAF due to the presence 
of the inner small accretion disk is always unimportant, while 
the outflow can be cooled efficiently at large distances from 
the black hole. 



FIG. 3. — The ratios of the Compton cooling timescale to the dynamical 
timescale as functions of radius r in the presence of a small cold accretion 
disk co-existing with an ADAF in the inner region. The black lines represent 
the ratios calculated with £ e = 0.1 for different Eddington ratios of the small 
cold accretion disk: A sd = 0.01 (solid), 0.003 (dashed), and 0.001 (dotted), 
respectively. The green lines are the same as those black lines, but £ e = 1 is 
adopted. All other lines have the same meanings as those in Fig. [2] 

For the LLAGNs, the radius of the BLR should be lower 
than that for broad-line AGNs, if the correlation between Rblr 
and Lboi (Eq. \15[ still h olds f or low-luminosity sources (but 
also see Wang & Zhang 2003). Our estimate shows that the 
radiative cooling of the outflow in the source accreting at a 
rate significantly lower than m cr i t is inefficient, which means 
that the outflow being expanding adiabatically is a good ap- 
proximation. Considering a small volume V in the outflow 
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with gas temperature 7g as and particle number density n, we 
have 

dUV = -dptpV = -p m dV, (26) 

for an adiabatic expanding outflow, where p gas = nkT gas . The 
conservation of particles requires 



Substituting Eq. (l27l i into d26*i i. we arrive at 

2 

d\nT m = -dlnn, (28) 

i.e., r gas oc n 2 / 3 . As the number density n oc r -3 / 2 in the out- 
flow (see Eq. @), we find that the gas temperature T gas oc r~ l 
in an adiabatically expanding outflow. 

3. DISCUSSION 

The broad-line AGNs are relatively luminous, which con- 
tain cold accretion disks. The accretion flows transit to hot 
ADAFs when the sources are accreting at very low rates. 
Strong outflows may probably be present in L LAGNs, as the 
ADAF s have a positive Bernoulli parameter dNaravan & Yil 
Il995al) . This implies that the disappearance of BLR in 
LLAGNs cannot be simply attributed to the lack of outflows 
from the accretion disk. 

We estimate the cooling of the hot outflows from the ADAF, 
and find that the radiative cooling of the outflows is always in- 
efficient within the radius of the BLR with any values of the 
parameters adopted (see Fig. [2}. The internal energy U oc n e , 
and the cooling rate F~ oc n 2 , which indicates that the cooling 
timescale increases with decreasing electron number density 
n e . In the estimate of the cooling, we assume that the radial 
velocity of the outflow is the same as the virialized velocity, 
which is the least velocity that the outflow can escape to in- 
finity. If the gases in the outflow move at the speed higher 
than the virialized velocity, the number density n e of the elec- 
trons decreases with increasing outflow velocity provided all 
other parameters are fixed, and therefore the cooling timescale 
becomes larger for higher outflow velocity. The results plot- 
ted in Fig. [T]are calculated with r/^ = 1, i.e., M w = M, and 
m = m cr i t = 0.01, which, of course, leads to an lower limit on 
the cooling length scale (see Eqs. [T2land[T4l>. For most of 
the LLAGNs, the two parameters, ry w <C 1 and m <C rh cr n, are 
satisfied, which strengthens the conclusion derived in our es- 
timates. 

The detailed physics for the transition of accretion modes 
is still unclear. It was suggested that the ADAF co-exists 
with the standard disk, i.e., the inner ADAF connects to the 
outer thin accretion disk, in some sources ac creting at rates 
slightly lower than the critical rat e m CI \ t (e.g., lOuataert et al.l 
[19991: ICaoll200H IXu & Caoll2009h . The transition radius in- 
creases with decreasing accretion rate m, which is expected 
by the thermal insta bility or disk evaporation induced transi- 
tion scenarios (e.g., lAbramowicz et al.ll 1995b iLiu et al.lll999h 
iRozaNska & Czernyl l2000t ISpruit & Deufeil 12001 . In the 
presence of an outer cold disk, the soft photons from the cold 
disk will be Compton upscattered by the hot electrons in the 
outflow. For the ADAF accreting at a rate lower than m alt but 
with Lboi/^Edd ^ 10~ 3 , a secondary inner cold small disk will 
surround the black hole together with an ADAF. The mass 
accretion rate of the small cold disk is regulated by the con- 
densation process, which is always significantly lower than 



the total accretion rate (see ILiu et al.l 120071 for the details). 
Similar to the accretion disk-corona system, the small cold 
disk is also irradiated by the ADAF, which implies that the 
luminosity of the small disk should be less than a half of the 
bolometric luminosity. We adopt £ e = 0.1 in our calculations 
of the Compton cooling in the outflow near the ADAF, while 
£ e = 1 is adopted in the calculations for the outflow far from 
the ADAF. We find that the Compton cooling of the outflow 
near the ADAF is always inefficient due to the soft seed pho- 
tons from the outer cold disk (see Fig. [2j. The situation is 
similar for the small inner cold disk, even if the luminosity 
of the inner cold disk is as high as L sc j = O.OlLEdd (see Fig. 
[3). In the region of the outflow with large distances from 
the ADAF, the electrons may have the same temperature as 
the ions, i.e., £ e = E In this case, our results show that the 
outflow can be Compton cooled efficiently at large distances, 
provided the transition radius of the ADAF to the outer cold 
disk is small (rj tr < 20) or/and the secondary small cold disk 
has a luminosity L s d > 0.003LEdd- We note that our estimates 
of the importance of the Compton cooling are independent of 
the density of the outflow, i.e., the mass loss rate in the out- 
flow, which is due to both the Compton cooling rate and the 
internal energy of the gas being proportional to the density of 
the gas in the outflow. The cold outflows can still be driven 
from the outer cold thin disk if the sources are accreting at 
rates slightly lower than m cr ; t , i.e., the transition radius is not 
very large. In this case, the outflow from the ADAF can still 
be cooled at large distances from the black hole due to the 
Compton scattering of the soft seed photons from the outer 
cold disk or/and the secondary small inner cold disk. The 
small inner cold disk is evaporated completely in the ADAF, 
which may connect to the outer thin disk at a very large ra- 
dius (or the outer cold disk is suppressed by the ADAF), when 
Lboi/^Edd ;$ 10~ 3 , and therefore the BLR disappears due to the 
lack of cold outflow from the disk or the cooling of the out- 
flow from the ADAF being inefficient. This is consistent with 
the observations that almost all "true" type 2 AGNs h ave mass 
accretion rates Lboi/^Edd ^ 10~ 3 (e.g. jNicastro et aD l2003). 

For the cases that the radiatively cooling can be neglected, 
the temperature of the gas will drop in an adiabatically ex- 
panding outflow. Our estimate shows that the gas temper- 
ature 7g as oc r~ l in the outflow. The typical temperature of 
the ions in an ADAF near the black hole is ~ 10 11-12 K (e.g. 
Nara van & McClintockll2008h . the gases can be cooled to the 
typical temperature of BLRs (~ 10 4 K) only in the outflow 
with a distance > 10 6-7 Schwarzschild radii from the black 
hole. It corresponds to ~ 10 4-5 light days for a black hole with 
M = 10 7 M Q , which is obviously beyond the BLR in luminous 
AGNs (see Fig. [T). Therefore, we propose that the outflows 
from the ADAFs in LLAGNs are too hot to be cooled to form 
clouds in the BLRs, which leads to the disappearance of the 
BLR in LLAGNs. 

A small fraction of AGNs were found to have emission lines 
with double-peaked profiles (e.g jEracleous & Halpernll994t 
IStrateva et al.l20 03), which usually have low Eddington ratios 
(see lEracleousl l2006. for a review and references therein, but 
also see Wu & Liu 2004; Bian et al. 2007). The most fa- 
vorite model for the double-peaked emitters suggests that the 
double-peaked broad emission lines are emitted from a ring 
in the accretion disk, which may also be photo-ionized by 
the radiation from the inner region or/ a nd the outflow (e.g . , 
iChen et al.l [19891: iNemmen et all 120061: iCao & Wand 2006). 
The observed broad-line emission may originate from two 
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separated regions: the clouds in the normal BLRs, or/and the 
outer ring in the thin accretion disk. The broad-line emission 
from the BLR clouds dominates over that from the outer re- 
gion of the accretion disk in normal broad-line AGNs. For 
the double-peaked emitters accreting at rates lower than the 
critical accretion rate m cr ; t , the ADAF is present in the inner 
region and connects to the outer thin accretion disk. The gases 
in the outflow from the ADAF are too hot to be cooled to form 
the clouds in the BLR when the transition radius of the ADAF 
to the outer disk r^ ti > 20 and the secondary small cold disk 
is less luminous than L s( j < 0.003LEdd, which leads to the dis- 
appearance of BLR clouds in these sources. Thus, the line 
emission from the outer region of the accretion disk is not 



contaminated by the emission from the BLR clouds, which 
emerges as double-peaked emission lines. This also provides 
a clue to the theoretical models for the accretion mode transi- 
tion. 
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